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FIRST SURVEYOR 
TEST MISSION 
SET FOR MAY 30 
The United States i s  preparing t o  launch the f i r s t  
engineering test  f l i gh t  i n  a ser ies  of Surveyor missions 
designed t o  achieve a soft-landing on the Moon. 
The first spacecraft -- Surveyor A -- i s  scheduled 
f o r  launch by the National Aeronautics and Space Administration 
f r o m  Cape Kennedy no e a r l i e r  than May 30. 
The launch vehicle w i l l  be the Atlas-Centaur (AC-10)  
which w i l l  be making i t s  first operational f l igh t .  
From launch t o  touchdown on the lunar surface, the 
f l i g h t  is expected t o  take 61 t o  65 hours. 
Later spacecraft i n  the Surveyor series will have the 
mission objectives of gathering lunar surface information 
needed f o r  the Apollo manned luna r  landing program. 
-more- 
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Primary objectives of Surveyor A: 
- demonstrate the capability of the Atlas-Centaur10 
launch vehicle to inject the Surveyor spacecraft 
sucessfullg on a lunar-Intercept trajectory, 
- demonstrate the capability of the Surveyor spacecraft 
to perform successful midcourse and terminal maneuvers, 
and a soft landing on the Moon, and 
- demonstrate the capability of the Surveyor communications 
system and the Deep Space Network to maintain communi- 
cations with the spacecraft during its flight and after 
the soft landing. 
Surveyor will carry a single scanning television camera 
which is designed to photograph the Moon's surface and the 
crushable pads on two of the landing legs to determine how 
deeply the pads have penetrated the lunar surface. 
A successful mission will prove the concept of a space- 
craft capable of automatically decelerating from 6,000 mlles 
per hour to a touchdown speed of about three and one-half 
miles per hour and functioning in the intense heat of the 
lunar day . 
To accomplish the critical terminal descent and soft 
landing, Surveyor is equipped with a solid propellant retro- 
rocket and three throttleable liquid fuel vernier engines, 
a flight programmer and analog computer, and radars to 
determine altitude and rate of descent. 
-more- 
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The main braMng force i s  provided by the main retro. 
After it i s  jett isoned, data from the radars a r e  processed 
by the computer t o  t h r o t t l e  the verniers automatically so 
that Surveyor achieves a s o f t  landing. 
A t  launch Surveyor w i l l  weigh 2,194 pounds. The r e t r o  
motor, wNch will be jett isoned after burnout, weighs ~ ~ 3 7 7  
pounds. After expenditure of liquid propellants and use of 
a t t i t u d e  control gas, the landed weight of Surveyor on the 
Moon w i l l  be about 620 pounds. 
More than 250 ground commands w i l l  be required t o  control 
Surveyor during f l i g h t  and a f t e r  a successful landing on 
the Moon. About 300 persons w i l l  be involved i n  f l i g h t  control 
a t  peak times i n  the mission. 
The Surveyor program i s  directed by NASA's  Office of 
Space Science and Applications. Project management i s  assigned 
t o  N A S A ' s  Jet Propulsion Laboratory operated by the California 
I n s t i t u t e  of Technology, Pasadena. Hughes Aircraft  GO . , 
under contract t o  JPL, designed and b u i l t  the  Surveyor space- 
c r a f t .  N A S A ' s  Lewis Research Center, Cleveland, i s  responsible 
f o r  the A t l a s  f i r s t  stage booster and f o r  the  second stage 
Centaur, both developed by General Dynamics/Convair, San Diego, 
C a l i f .  
-more- 
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Tracking and communication wi th  the Surveyor i s  the 
r e s p o n s i b i l i t y  of the NASA/JPL Deep Space Network (DSN) . 
The s t a t i o n s  assigned t o  the Surveyor program a r e  Pioneer, 
a t  Goldstone i n  C a l i f o r n i a ' s  Mojave Desert; Johannesburg, 
South Africa;  and T idb inb i l l a ,  Aus t ra l ia .  Data from the 
s t a t i o n s  w i l l  be t ransmi t ted  t o  J P L ' s  Space Flight Operations 
F a c i l i t y  i n  Pasadena, the  command cen te r  f o r  the  mission. 
(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
-more- 
SURVEYOR A SPACECRAFT 
Frame, Mechanisms and Thermal Control 
The t r i a n g u l a r  aluminum frameof the Surveyor provides  
mounting su r faces  and attachments f o r  t h e  landing gear, main 
r e t ro rocke t ,  v e r n i e r  engines and a s soc ia t ed  tanks, thermal 
compartments, antennas and o ther  e l e c t r o n i c  and mechanical 
assemblies.  
It is  cons t ruc ted  o f  thin-wal l  aluminum t u b i n g ,  with the 
members in te rconnec ted  t o  form the t r i a n g l e .  A mast, which 
supports  the  p l ana r  a r r a y  antenna (high-gain) and s i n g l e  s o l a r  
panel,  is  a t t ached  t o  the top of t h e  frame. The b a s i c  frame 
weighs less than  60 pounds and i n s t a l l a t i o n  hardware weighs 23 
pounds. 
The Surveyor s tands  about 10 f e e t  high and, with i t s  tri- 
pod landing  gear  extended, can be placed w i t h i n  a 14-foot 
c i r c l e .  A landing l e g  is  hinged t o  each of the t h r e e  lower 
corners  of t h e  frame and a n  aluminum honeycomb footpad is  a t -  
tached t o  the o u t e r  end of each leg .  An a i rp lane- type  shock 
absorber  and te lescoping  s t r u t  are connected to t h e  frame so 
that  t h e  l e g s  can be fo lded  i n t o  the nose shroud during launch. 
Touchdown shock a l s o  i s  absorbed by the  footpads and by t n e  
hydrau l i c  shock absorbers  which compress with the landing load.  
Blocks of crushable  alumiisum honeycomb .we at tached t o  r;he 
bottom of the spaceframe a t  eacn of i t s  t h r e e  corners  t o  ab- 
sorb  p a r t  of the landing shock. 
Two omnidirect ional ,  conical  antennas are moiAr?ted on the  
ends of f o l d i n g  booms which a r e  hinged t o  t h e  frame. 'lie 
booms remain fo lded  a g a i n s t  the  frame during launch u n t i l  r e -  
leased by squib-actuated p i n  p u l l e r s  and deployed by toTsion 
sp r ings .  The antenna booms a re  r e l e a s e d  only a f te r  t h e  land- 
i n g  l e g s  are extended an6 locked I n  p ~ s i t i o ~ .  
An antenna/solar panel  p o s i t i o n e r  a top  the m a s t  supports 
and r o t a t e s  the  p l a n a r  a r r a y  antenna and s o l a r  panel  i n  e i ther  
d i r e c t i o n  along fou r  axes. This  freedom or' movenent allows 
o r i e n t i n g  the antenna toward Earth and the s o l a r  pane l  toward 
the  Sun. 
Two thermal compartments house s e n s i t i v e  e l e c t r o n i c  ap- 
p a r a t u s  f o r  which a c t i v e  thermal con t ro l  is  needed throughout 
t h e  mission.  
-more- 
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The equipment i n  each compartment i s  mounted on a ther- 
m a l  tray that  d i s t r i b u t e s  heat throughout t h e  compartment. An 
i n s d l a t i n g  blanket, cons i s t ing  of 75 shee t s  of aluminized Ply- 
lar, i s  sandwiched between each compartment's i n n e r  she l l  and 
t h e  o u t e r  p r o t e c t i v e  covei-. 
Compartment A, which maintains an i n t e r n a l  temperature 
between 40 degrees and 125 degrees F., contains  two r a d i o  re- 
ce ivers ,  two t r a n s m i t t e r s ,  t h e  main battery,  b a t t e r y  charge 
r egu la to r ,  main power switch ana some a u x i l i a r y  equipment . 
Compartnent B, kept between zero and 125 degrees F., 
houses the c e n t r a l  command decoder, boost  r e g u l a t o r ,  c e n t r a l  
s i g n a l  processor,  s i g n a l  processing a u x i l i a r y ,  engineering 
s i g n a l  processor,  and low da ta  rate a u x i l i a r y .  
Both compartments contain sensors  f o r  r epor t ing  tempera- 
t u r e  measurements by te lemetry to Earth, and heater assemblies 
t o  maintain t h e  thermal trays above the i r  a l lowable minimums. 
The compartments are kept below the  125-degree maximum wi th  
thermal switches which provide a conductive pa th  t o  t h e  ra- 
d i a t i n g  sur faces  f o r  automatic d i s s i p a t i o n  of e l e c t r i c a l l y  
genera ted  heat. Compartment A conta ins  nine thermal switches 
and compartment B, s i x .  The thermal she l l  weight of compart- 
ment A is  25 pounds, and compartment B, 18 pounds. 
Passive temperature cont ro l  i s  provided a l l  equipment 
not  p r o t e c t e d  by the compartments through the use of p a i n t  
p a t t e r n s  and pol ished surfaces .  
Twenty-nine pyrotechnic devices mechanically r e l ,  oase QT 
l ock  the  mechanisms, switches and valves  a s s o c i a t e d  with the 
antennas,  landing l e g  locks, r o l l  ac tua to r ,  re t ro- rocket  sep- 
a r a t i o n  attachments, he l ium and n i t rogen  tanks,  shock absorbers  
and t h e  r e t r o  engine detonator.  Som are ac tua ted  by command 
f r o m  the Centaur s t a g e  programmer p r i o r  t o  spacec ra f t  separa- 
t i o n  from the Centaur, o the r s  a r e  ac tua ted  by ground command. 
c e n t e r  c a v i t y  of t h e  frame and supp l i e s  the main t h r u s t  f o r  
slowing the spacec ra f t  on approach t o  the Moon. The u n i t  is  
a t t a c h e d  a t  three p o i n t s  on the frame near  the landing l e g  
h inges  with explosive nut  separa t ion  p o i n t s  f o r  e j e c t i o n  af- 
t e r  burnout. The motor case, made of high-strength s teel  and 
i n s u l a t e d  with asbes tos  and rubber, i s  36 inches i n  diameter. 
Including the molybdenum nozzle, t h e  unfueled engine weighs 
142 pounds. With propel lan t ,  t h e  weight i s  about 1,377 poiads 
or more than  60 per cent  of the t o t a l  s p c e c r a f t  weight. 
A s p h e r i c a l  s o l i d  propel lan t ,  r e t ro rocke t  f i t s  within the  
-more- 
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E l e c t r i c a l  harnesses  and cables  in te rconnec t  the  space- 
c r a f t  subsystems b provide cor rec t  s i g n a l  and power flow, The 
harness  connecting t h e  two thermal compartments is routed 
through a thermal tunnel  t o  minimize heat l o s s  from the com- 
partments. Coaxial cable  assemblies, a t t ached  t o  t he  frame by 
b racke t s  and c l i p s ,  are used f o r  high frequency transn:ission. 
E l e c t r i c a l  connection w i t h  the  Centayr s t a g e  is  e s t a b l i s h e d  
through a 51-pin connector mounted on the  bottom of the  frame 
between t w o  of t h e  landing legs .  The coiinector mates with the  
Centaur connector when t h e  Surveyor i s  mounted on the launch 
veh ic l e  . It c a r r i e s  pre-separat ion com;riands from the  Centadr 
programmer and can handle emergency commands from t h e  block- 
house console. Ground power and pre-launch monitor c i r c u i t s  
a l s o  pas s  through the connector. 
Power Sabsystem 
The power sl_tbnystem c o l l e c t s  and s t o r e s  s o l a r  energy, 
conver t s  it to ilsable e l e c t r i c  voltage,  and d i s t r i b u t e s  i t  t o  
t h e  o t h e r  s p  c e c r a f t  subsystems. Th i s  equipment inc ludes  the  
s o l a r  panel ,  a main b a t t e r y  and an a d x i l i a r y  bat tery,  311 aux- 
i l i a ry  b a t t e r y  con$rol, a b a t t e r y  charge r egu la to r ,  main power 
switch, boost  regula tor ,  and an  engineering mechanisms aux i l i a ry .  , 
The s o l a r  panel  i s  the  spacec ra f t ’ s  primary power source 
dur ing  f l i g h t  and during operat ions ir, t h e  l u n a r  day. It con- 
sists of 3,960 s o l a r  c e l l s  arranged on a th in ,  f l a t  su r face  of 
approx3nately nine square f ee t .  The s o l a r  c e l l s  are groilped 
i n  792 sepa ra t e  modules and connected i n  s e r i e s - p a r a l l e l  to 
guard a g a i n s t  complete f a i lu re  i n  t he  event of a s i n g l e  c e l l  
malfunction. 
The solar panel  i s  mounted a t  the t q  of t h e  Surveyor 
s p a c e c r a f t ’ s  m a s t .  Winglike, i t  i s  fo lded  away during launch 
and deployed af ter  the spacec ra f t  has been e j e c t e d  i n t o  the 
l u n a r  t r a n s i t  t r a j e c t o r y .  
When p rope r ly  o r i en ted  during f l i g h t ,  t he  s o l a r  panel  can 
supply about 89 watts which i s  most of the power requi red  f o r  
the average opera t ing  load of a l l  on-board equipment. 
During opera t ion  on t h e  lunar  sur face ,  t h e  s o l a r  panel  
can be ad jus t ed  by Earth command to t rack the  Sun within a f e w  
Ciegrees, SG t h a t  t h e  s.oler cel ls  remain always perpendicular  
t o  t h e  s o l a r  r a d i a t i o n .  
-more- 
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I 03 the  Kom, the  s o l a r  pazei  i s  designed to supply a 
minimum of 77 watts power at a temperature of 140 degrees 
and a minimuml of 57 watts 2t a ter!:peratir;rae of 239 degrees t'. 
A l k - c e l l  rechargeable,  s i l v e r - z i n c  m a i n  b a t t e r y  is  the 
s p a c e c r a f t r s  power r e se rvo i r .  It i s  the  s o l e  source of power 
during launch; i t  s t o r e s  e l e c t r i c a l  energy from the  s o l a r  panel  
during t r a n s i t  and lunzr-Sa; operat ions;  and i t  provides  a back- 
up source t o  meet peak power reqJirements &.-ring both of those 
pe r iods  . r?ully charged, t h e  b a t t e r y  provides  3,800 watt-hours 
a t  a discharge rate of 1.0 amperes. Ba t t e ry  output i s  approx- 
imate ly  22 v o l t s  d i r e c t  c-Lirrent for a i l  opera t ing  and environ- 
mental condi t ions  i n  tenpera tures  from 40 degrees t o  125 de- 
g rees  F. 
The a u x i l i a r y  b a t t e r y  i s  a non-rechargeable, s i l v e r - z i n c  
ba t te ry  contained i n  a sea l ed  nagnesiam c a m i s t e r .  
a power backop for both the main  b a t t e r y  and tine s o l a r  panel  
under peak power load ins  01- emergency condi t ions.  
h a s  a capac i ty  of from do0 t o  1,000 watt-hours, depeliding upon 
power lozd and opex-atLrg celnperatsre . 
It provides 
T h i s  battery 
The b a t t e r y  charse r e g G I a t o r  and t h e  boos te r  r egu la to r  
are t h e  two power conditi3cii:g elements of the s p a c e c r a f t l s  
e l e c t r i c a l  power siibsystem. 
couples  t he  s o l a r  pailel t o  t h e  main b a t t e r y  f o r  maxLmiun con- 
ve r s ion  and t ransmission of the s o l a r  energy necessary to keep 
t h e  main battery a t  Tu11 charge. 
Tne b a t t e r y  charge r egu la to r  
It rece ives  power a t  the  s o l a r  p z n e l l s  varying output and 
d e l i v e r s  t h i s  power to the main b a t t e r y  a t  a constant  battery 
t e rmina l  vol tage.  The b a t t e r y  charge r e g u l a t o r  inc ludes  sen- 
sLng and l o g i c  c i r c u i t r y  f o r  adtomatic ba t te ry  charging when- 
eve r  b a t t e r y  vol tage drops below 27 v o l t s .  
The boos ter  regilllator u n i t  r ece ives  unregulated power 
from 17 to 27.5 v o l t s  d i r e c t  cur ren t  from the s o l a r  panel,  
t h e  main b a t t e r y ,  or both, and d e l i v e r s  a r egu la t ed  29 v o l t s  
d i rec t  cu r ren t  to the  s p a c e c r a f t ' s  t h r e e  main power t r ans -  
mission l i n e s .  These t h r e e  l i n e s  sl-xpply a l l  t h e  spacecraf ' t ls  
power needs, except f o r ,  8 22-vsl t  u n r e g u l a t e d  l i n e  which 
s e r v e s  heaters, switches,  ac tua to r s ,  so lenoids  and e l e c t r o n i c  
c i r c u i t s  wiiicil do ; lot  r z q . ~ i r e  regi11ated power o r  provide t h e i r  




Communications equipment aboard Surveyor se rves  three 
func t ions :  providing t ransmission and r ecep t ion  of r a d i o  
s igna l s ;  decoding commands s e n t  to the  spacec ra f t ;  and se-  
l e c t i n g  and converting engineering and t e l e v i s i o n  data i n t o  
a form s u i t a b l e  f o r  t ransmission.  
The f irst  group inc lude  the three antennas:  one high- 
gain,  d i r e c t i o n a l  antenna, and two low-gain, omnidirection 
antennas ; two t r a n s m i t t e r s  and two r e c e i v e r s  with transponder 
interconnect ions.  Dual t r a n s m i t t e r s  and r e c e i v e r s  are used 
f o r  r e l i ab i l i t y .  
The high-gain antenna t ransmi ts  600-line t e l e v i s i o n  data. 
The low-gain antennas rece ive  ground commands and t ransmi t  o the r  
data inc luding  200-line t e l e v i s i o n  data from the spacec ra f t .  
E i the r  low-gain antenna can be connected t o  e i t h e r  r ece ive r .  
The t r a n s m i t t e r s  can be switched t o  e i ther  low-gain antenna o r  
t o  the high-gain antenna and can opera te  a t  low or high power 
l e v e l s .  Thermal con t ro l  of t he  t h r e e  antennas i s  passive,  de- 
pendent on surface coa t ings  t o  keep temperatures wi th in  accep- 
table limits, 
The command decoding group can handle u t o  256 commands 
both d i r e c t  (which c o n t r o l  on-off operat ions7 and q u a n t i t a t i v e  
commands (which c o n t r o l  time i n t e r v a l  opera t ions) .  Each incoming 
command is  checked i n  a c e n t r a l  command decoder which w i l l  re- 
j e c t  a command, and s i g n a l  the r e j e c t i o n  t o  Ear th  i f  the 
s t r u c t u r e  of the command i s  inco r rec t .  Acceptance of a com- 
mand i s  a l s o  radioed to Earth. The command i s  then  s e n t  t o  
subsystem decoders t h a t  t r a n s l a t e  the b ina ry  information i n t o  
an  a c t u a t i n g  s i g n a l  f o r  the func t ion  command such as squib 
f i r i n g  and change data modes. 
Processing of most engineer ing data, (temperatures,  vol-  
tages, cur ren ts ,  p ressures ,  switch pos i t i ons ,  e t c .  ) is  handled 
by the engineer ing s ignal  processor cn the auxi lTary processor .  
There a r e  over 200 engineer ing measurements of the spacecraf t .  
None are continuously reported.  There are f o u r  commutators i n  
the engineer ing s i g n a l  processor t o  permit  s e q u e n t i a l  sampling 
of s e l e c t e d  s i g n a l s ,  
the type and amount of information requi red  during var ious  
f l i g h t  sequences, Each commutator can be commanded i n t o  opera- 
t i o n  a t  any time and a t  any of the f i v e  b i t  r a t e s :  17.2, 137.5, 
550, JJOO and $/to0 bits-per-second. 
The use of a commutator i s  dependent on 
-more- 
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Commutated s i g n a l s  from t h e  engineering processors  are 
converted t o  10-b i t  data words by an  ana log- to-d ig i ta l  con- 
v e r t e r  i n  the c e n t r a l  s i g n a l  processor  and re layed  t o  the 
t r ansmi t t e r .  The low-bit rates are normally used with t r a n s -  
missions over the low-gain antennas and the low-power l e v e l s  
of the t r ansmi t t e r s .  
Video data from the  TV cameras i s  fed d i r e c t l y  t o  the 
t r a n s m i t t e r s  only d u r i n g  high-power opera t ion  and r equ i r e s  
the use of .-high-gain antenna when i n  the 600-line mode. 
Propulsion 
The propuls ion system cons i s t s  of three l i q u i d  f u e l  ver- 
n i e r  rocke t  engines and a s o l i d  €uel  r e t ro rocke t .  The ve rn ie r s  
are used f o r  the midcourse maneuver as well as i n  the  terminal  
l una r  landing sequence. 
The v e r n i e r  engines are suppl ied f u e l  by three f u e l  tanks 
and three ox id ize r  tanks. There i s  one p a i r  of tanks, f u e l  
and oxid izer ,  f o r  each engine. The f u e l  and ox id ize r  i n  each 
tank i s  contained i n  a bladder.  H e l i u m  s t o r e d  under pressure  
i s  used t o  d e f l a t e  t he  bladders and f o r c e  the f u e l  and oxi- 
d i z e r  i n t o  the feed l i n e s .  
The ox id ize r  is n i t rogen  t e t rox ide  w i t h  10 per cent n i t r i c  
oxide. The f u e l  i s  monomethylhydrazine monohydrate. An ig-  
n i t i o n  system i s  not requi red  f o r  the v e r n i e r s  as the f u e l  and 
o x i d i z e r  are hypergolic,  burning upon contact .  The t h r o t t l e  
range i s  30 t o  104 pounds of t h r u s t .  
The main r e t r o  i s  used a t  t h e  beginning of the terminal  
descent  t o  the lmar su r face  and slows the spacec ra f t  from an 
approach v e l o c i t y  of about 5,000 mpn t o  approximately 240 mph, 
It burns an  aluminum, ammoniwn-perchorate and polyhydro carbon, 
case-bonded composite-type p rope l l an t  . 
The nozzle has a graphite t h r o a t  and a laminated p l a s t i c  
e x i t  cone, The case i s  of high-strength s t ee l  i n s u l a t e d  with 
a s b e s t o s  and s i l i c o n  d iox ide - f i l l ed  buna-N rubber t o  maintain 
the case a t  a low temperature l e v e l  during f i r i n g .  
Engine t h r u s t  v a r i e s  from 8,000 t o  10,000 pounds over a 
temperature range of 50 t o  70 degrees F, Passive thermal 
con t ro l ,  i n s u l a t i n g  b l anke t s  and su r face  coatings,  will main- 
t z i n  the g r a i n  above 50 degrees F. It is f i r ed  by a pyrogen 
i g n i t e r  , The main,  r e t r o  weighs approximately 1,377 pomds 
a d  is s ~ h e r l r = r l  s h a . p d =  36 inches i n  diameter. 
-more - 
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Flight  Control Subsystem 
F l igh t  con t ro l  of Surveyor, c o n t r o l  of i t s  a t t i t u d e  and 
v e l o c i t y  from Centaur s epa ra t ion  t o  touchdown on the Moon, i s  
provided by: primary Sun sensor, automatic Sun a c q u i s i t i o n  
sensor, Canopus sensor,  i n e r t i a l  r e f e rence  u n i t ,  a l t i t u d e  
marking radar, i n e r t i a  burnout switch, radar altimeter and 
Doppler v e l o c i t y  sensors ,  f l i g h t  c o n t r o l  e l e c t r o n i c ,  and 
t h r e e  pairs of cold gas je ts .  Flight c o n t r o l  e l e c t r o n i c s  in -  
cludes a d ig i t a l  programmer, ga t ing  and switching, l o g i c  and 
a s i g n a l  data converter  f o r  the radar altimeter and Doppler 
v e l o c i t y  sensors .  
The information provided by the sensors  i s  processed 
through l o g i c  c i r c u i t r y  i n  the f l i g h t  c o n t r o l  e l e c t r o n i c s  t o  
y i e ld  a c t u a t i n g  s i g n a l s  t o  the gas j e t s  and t o  the three ll- 
q u i d  f u e l  v e r n i e r  engines and the  s o l i d  f u e l  main retromotor.  
The Sun sensors  provide information t o  the f l i g h t  c o n t r o l  
e l e c t r o n i c s  i n d i c a t i n g  whether o r  not  they are i l lumina ted  by 
the Sun. T h i s  information is  used t o  order  the  gas jets t o  
f i r e  and maneuver the spacec ra f t  u n t i l  the Sun sensors  are on 
a d i r e c t  l i n e  w i t h  the Sun. The primary Sun sensor  c o n s i s t s  
of f i v e  cadmium sulphide  photo-conductive c e l l s  . During 
f l igh t ,  Surveyor may dev ia t e  s l i g h t l y  of f  of po in t ing  d i r e c t -  
l y  a t  the Sun. Such dev ia t ions  are continuously co r rec t ed  by 
s i g n a l s  from the primary sensor  t o  the f l i g h t  e l e c t r o n i c s  or- 
der ing  the p i t c h  and yaw gas j e t s  t o  f i r e  t o  aga in  cen te r  the 
Sun sensors  on the Sun. 
Sun a c q u i s i t i o n  is  requi red  before  locking on t o  the 
star Canopus. G a s  j e t s  are used t o  c e n t e r  the star sensor  
on Canopus, so as t o  maintain r o l l  a x i s  attitlade d u r i n g  c r u i s e  
modes. If star o r  Sun lock i s  l o s t ,  c o n t r o l  i s  au tomat ica l ly  
switched from o p t i c a l  sensors  t o  gyros which sense changes i n  
spacec ra f t  a t t i t u d e  i n e r t i a l l y .  
rnt, inertial reference u n i t  i s  also used d u r i n g  events  
when the o p t i c a l  sensors  cannot be used -- midcourse maneuver 
and descent  t o  the l u n a r  surface.  T h i s  device senses  changes 
i n  a t t i t u d e  of the spacec ra f t  and i n  v e l o c i t y  with three gyros 
and a n  accelerometer.  Information from the gyros i s  processed 
by the c o n t r o l  e l e c t r o n i c s  t o  f i r e  gas j e t s  t o  change o r  main- 
t a i n  the desired a t t i t u d e ,  During l u n a r  descent  t h r u s t  phases, 
the i n e r t i a l  re fe rence  u n i t  cont ro ls  v e r n i e r  engine t h r u s t  
l e v e l s  by d i f f e r e n t i a l  t h r o t t l i n g  for p i t c h  and yaw con t ro l  
and swivel ing one engine f o r  roll cont ro l .  The accelerometer 
c o n t r o l s  the t o t a l  t h r u s t  l eve l .  
The a l t i t u d e  marking radar w i l l  provide the signal f o r  
f i r i n g  of the main r e t r o .  It i s  loca ted  i n  the nozzle  of the 
r e t r o  motor and is  e j ec t ed  when the motor i g n i t e s .  The radar 
w i l l  generate  a s i g n a l  a t  about 60 m i l e s  above the luna r  sur -  
face.  The s i g n a l  starts the programmer automatic sequence 
af ter  a pre-determined period (d i rec ted  by ground command); 
t he  programmer then  commands vern ier  and r e t r o  i g n i t i o n  and 
tu rns  on the radar a l t i m e t e r  and Doppler ve loc i ty  sensors .  
The i n e r t i a  burnout switch w i l l  c lose  when the t h r u s t  
l e v e l  of the main r e t r o  engine drops below 3.5 g,  generat ing 
a s i g n a l  which i s  used by the programmer t o  command j e t t i s o n -  
ing  of the r e t r o  motor and switching t o  con t ro l  by the radar 
a l t i m e t e r  and Doppler v e l o c i t y  sensors .  
Control of the spacecraf t  a f t e r  main r e t r o  burnout i s  
ves ted  i n  the radar a l t i m e t e r  and Doppler v e l o c i t y  sensors .  
Two radar d i shes  are involved. An a l t imeter /ve loc i ty  sensing 
antenna radiates two beams and a v e l o c i t y  sensing antenna two 
beams. Beams 1 2, and 3 can y i e ld  v e r t i c a l  o r  t r ansve r se  
ve loc i ty .  Beam 4 provides a l t i t ude  o r  s l a n t  range information. 
Beams 1, 2, and 3 provide ve loc i ty  data by adding the Doppler 
s h i f t  (frequency s h i f t  due t o  ve loc i ty )  of each beam i n  the 
s i g n a l  data converter .  The converted range and v e l o c i t y  data 
is  f e d  t o  the gyros and g a t i n g  l o g i c  which i n  t u r n  con t ro l  
the t h r u s t  s ignals  t o  the vern ier  engines. 
The f l i g h t  con t ro l  e l e c t r o n i c s  provides  f o r  processing 
sensor  information i n t o  te lemetry and t o  a c t u a t e  spacecraf t  
mechanisms. It c o n s i s t s  of con t ro l  c i r c u i t s ,  a command de- 
coder and an  AC/DC e l e c t r o n i c  conversion u n i t .  
m e r  c o n t r o l s  t iming of main r e t r o  phase and genera tes  pre- 
c i s i o n  time delays f o r  a t t i t u d e  maneuvers and midcourse ve- 
l o c i t y  cor rec t ion .  
The program- 
The attitlzde ,-jets provide a t t i t u d e  con t ro l  t o  the space- 
c r a f t  from Centaur separa t ion  t o  main r e t r o  burn. 
system is  fed from a s p h e r i c a l  tank holding 4.5 pounds of n i -  
t rogen  gas under high pressure, r egu la t ing  and dumping valves  
and three pairs of opposed gas je t s  w i t h  solenoid operated 
valves  f o r  each je t .  One p a i r  of j e t s  i s  loca ted  a t  t h e  end 
of each of the  three landing legs .  The p a i r  on one leg  
c o n t r o l  motion i n  a hor i zon ta l  plane,  impart ing r o l l  mo- 
t i o n  t o  t h e  spacecraf t .  The other  two pairs con t ro l  p i t c h  
and yaw. 
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The Siirveyo- A spacec ra f t  w i l l  c a r r y  one survey te le-  
v i s i o n  camera. "he camera i s  mounted near ly  v e r t i c a l l y ,  po in t -  
ed a t  a movable x i r ror .  The moanting containing the mir ror  can 
swivel  350 degi-ees, and the mir ror  can tilt from a p o s i t i o n  
wheye it r e f l e c t s  a po r t ion  of a landing l e g  t o  above the 
horizon. 
The camera can be focused, by Earth command, from f o u r  
feet  t o  i n f i n i t y .  Its iris s e t t i n g ,  which c o n t r o l s  the amount 
of l i g h t  en te r ing  the camera, can a d j u s t  au tomat ica l ly  t o  the 
l i g h t  l e v e l  or can be commanded from Earth. The camera has a 
v a r i a b l e  f o c a l  length  l e n s  which can be ad jus t ed  t o  e i ther  nar- 
row angle ,  6.4 x 6.4 f i e l d  of view, o r  t o  wide-angle, 25.4 x 
25.4 Zie ld  of view. 
A focal plane s h u t t e r  provides an  exposure t i n e  of 150 
mi l l i seconds .  The s h u t t e r  can a l so  be commanded open f o r  an  
i n d e f i n i t e  length  of time. A sensing device coupled t o  the 
s h u t t e r  will keep it  from openins if the  l i gh t  l e v e l  i s  too  
in t ense .  A too-high l i g h t  l e v e l  could occ:ir from changes i n  
the area of coverage by the camera, a change i n  the angle  of 
mirror ,  i n  the l e n s  aper ture ,  o r  by changes i n  Sun angle .  The 
same sensor  c o n t r o l s  the automatic i r is  s e t t i n g .  The sensing 
device can be overridden by ground command. 
The camera system can provide e i t h e r  200 o r  60O-line 
p i c t u r e s .  The la t te r  r e q u i r e s  t ha t  the high-gain d i r e c t i o n a l  
antenna and the high power l e v e l  of the t r a n s m i t t e r  are both 
working. The 600-line mode provides a p i c t u r e  each 3.6 seconds 
and the 200-line mode every 61.8 seconds. 
A f i l t e r  wheel can be commanded t o  one of fou r  p o s i t i o n s  
providfng c lear ,  colored or po la r i z ing  f i l ters.  
Surveyor A a l s o  w i l l  c a r ry  a downward-looking t e l e v i s i o n  
camera mounted on the lower frame of the spacecraf t .  However, 
t h i s  camera is  not  planned t o  be tu rned  on dur ing  th i s  mission. 
Engineering Instrumentat ion 
Engineering eva lua t ion  of t h e  Surveyor t es t  flights will 
be made by an  engineering payload including an  a u x i l i a r y  ba t -  
t e r y ,  a u x i l i a r y  processor  f o r  engineering information, and in-  
s t rumenta t ion  cons i s t ing  of e x t r a  temperature sensors,  s t r a i n  
gauges f o r  g ross  measurements of v e r n i e r  engine response t o  
down, and e x t r a  accelerometers  f o r  measuring s t r u c t u r a l  v i -  
b r a t i o n  dijring mzin retro 'nurn. 
+'l* -L?c nnn+nn-i r.rrmrn-nAm Q n A  ehnnlr Dhenrrhor 1 n a d i  nrr f.cq~c-h_, 
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The a u x i l i a r y  battery w i l l  provide a backup f o r  both 
emergency power and peak power d-emands to the main b a t t e r y  
and the s o l a r  panel.  It is  not rechargeable.  The a u x i l i a r y  
engineer ing s i g n a l  processor  provides  two a d d i t i o n a l  tele- 
metry commutators f o r  determining the  performance of t he  space- 
c r a f t .  It processes  the  information i n  t he  same manner as 
the engineer ing s i g n a l  processor,  providing add i t iona l  sig- 
nal capac i ty  and redundancy. 
-more - 
ATLAS-CEXTAUR ( A C - 1 C )  LAUNCH VZHICLE 
A t l a s - C e n t a u r ' s  p r imary  o b j e c t i v e  i s  t o  i n j e c t  the  
Surveyor  A s p a c e c r a f t  on a l u n a r - t r a n s f e r  t r a j e c t o r y  w i t h  
s u f f i c i e n t  a c c u r a c y  so t h a t  the midcourse  maneuver c o r r e c -  
t i o n  r e q u i r e d  some 20 h o u r s  a f t e r  l i f t o f f  d o e s  n o t  exceed 
some 16!j-f 'eet-per-second G r  111.85 mi le s -pe r -hour .  
The Cen tau r  stage i s  t h e n  r e q u i r e d  to perform a r e t r o -  
maneuver a f t e r  s p a c e c r a f t  s e p a r a t i o n .  T h i s  a l t e r s  C e n t a u r ' s  
t r a j e c t o r y  s u f f i c i e n t l y  t o  avo id  i m p a c t i n g  t h e  Moon and 
a l s o  p r e v e n t s  S u r v e y o r ' s  s ta r  s e e k e r  f rom mistaking Cen tau r  
f o r  Canopus on which Surveyor  w i l l  f o c u s  f o r  s p a c e c r a f t  
o r i e n t a t i o n .  
C o n f i g u r a t i o n  of t h e  AC-10 v e h i c l e  i s  similar t o  that  of 
A C - 6 ,  which on Aug. 11, 1965, demons t r a t ed  C e n t a u r ' s  capa-  
b i l i t y  t o  i n j e c t  a Surveyor  spacecraft  on a d i r e c t - a s c e n t ,  
l u n a r - t r a n s f e r  t r a j e c t o r y .  F o r  t he  AC-10 v e h i c l e ,  C e n t a u r ' s  
i n e r t i a l  gu idance  sys tem h a s  been upda ted ,  f o u r  50-pound 
th rus t  hydrogen-peroxide  e n g i n e s  have  been  added f o r  t h e  
re t romaneuver ,  the  a t t i t u d e  c o n t r o l  e n g i n e s  have  been up- 
rated,  and some minor  t e l e m e t r y  sys t ems  have been mod i f i ed .  
The Cen tau r  l a u n c h  v e h i c l e  i n c l u d e s  a n  LV-3C Atlas 
b o o s t e r  combined w i t h  a Centaur second stage. Both stages 
are 10 f e e t  i n  d i a m e t e r  and are connec ted  by a n  i n t e r s t a g e  
a d a p t e r .  
The Atlas  f i r s t  s t a g e  i s  75 f e e t  high,  i n c l u d i n g  t h e  
i n t e r s t a g e  a d a p t e r ,  and u s e s  a s t a n d a r d  MA-5 p r o p u l s i o n  
sys tem.  It c o n s i s t s  of two b o o s t e r  e n g i n e s  and a s u s t a i n e r  
e n g i n e ,  d e v e l o p i n g  a t o t a l  of 388,000 pounds of t h r u s t .  
Two v e r n i e r  e n g i n e s  of  670 pounds t h rus t  each p r o v i d e  r o l l  
c o n t r o l .  
The C e n t a u r  u p p e r  stage,  i n c l u d i n g  the nose  f a i r i n g  
which s u r r o u n d s  Surveyor ,  i s  48 f e e t l o n g .  Cen tau r  i s  
powered by two h igh-energy  RL-lC hydrzgen-oxygen engi n e s  
each w i t h  15,000 pounds t h rus t .  The RL-10 w a s  the  f i r s t  
h igh -ene rgy  e n g i n e  developed  f o r  t h e  s p a c e  program and t h e  
f i rs t  t o  be f lown s u c c e s s f u l l y  i n  s p a c e .  
C e n t a u r ' s  t a n k  i s  c o n s t r u c t e d  of s t a i n l e s s  s t e e l ,  0.014 




The Centaur s t age  i s  surrounded by thermal i n s u l a t i o n  
panels  to minimize the bo i lo f f  of l i q u i d  hydrogen which is  
maintained a t  -423 degrees F. The f o u r  panels are j e t t i s o n e d  
af ter  the  veh ic l e  leaves  the atmosphere. 
The nose f a i r i n g ,  constructed of honeycombed fiberglass, 
surrounds the payload and guidance and e l e c t r o n i c  equipment 
packages mounted on Centaur and provides thermal and aerody- 
namic p ro tec t ion  during f l i g h t  through the atmosphere. The 
clamshel l  f a i r i n g s  are j e t t i s o n e d  s h o r t l y  af ter  the in su la -  
t i o n  panels.  
Atlas and Centaur are separated i n  f l i g h t  by a l i n e a r -  
shaped charge which severs  the i n t e r s t a g e  adapter. Eight 
r e t r o r o c k e t s  mounted on the a f t . e n d  of Atlas are f i r ed  to 
i nc rease  the ra te  of separat ion.  
I n  a d d i t i o n  t o  i t s  primary propuls ion system, the Cen- 
t a u r  s t a g e  u s e s  hydrogen-peroxide a t t i t u d e  cont ro l  rocke ts  
of 3.5 and 6 pounds thrust  and f o u r  50-pound th rus t  hydrogen-' 
peroxide thrusters which are used during t h e  retromaneuver. 
Pre-fl ight Checkout 
Atlas-Centaur veh ic l e s  a r e  subjected t o  r igorous pre- 
f l i g h t  checkout procedures p r i o r  t o  shipment t o  Cape Kennedy 
f o r  e r e c t i o n  and subsequent launch. 
The Atlas-Centaur veh ic l e  and i t s  Surveyor payload 
r ehea r se  the l u n a r  mission i n  a unique f a c i l i t y  designed to 
ground-test  a l l  s tages-- including the payload--of a space 
v e h i c l e  . 
T h i s  f l i g h t  s imulat ion i s  done i n  a Combined Systems 
T e s t  Stand (CSTS) by Convair and Hughes personnel i n  San 
Diego. CSTS, operated f o r  NASA by Convair, i s  designed t o  
reduce veh ic l e  prepara t ion  time a t  Cape Kefifiedy. D w i r g  
Atlas-Centaur-Surveyor t e s t i n g ,  personnel are present  from 
NASA, Convair, JPL and Hitghes. 
I n  combined systems t e s t ing ,  the Atlas-Centaur-Surveyor 
combination s i m u l a t e s  e l e c t r o n i c a l l y  a l l  a spec t s  of a l u n a r  
mission. Recording equipment i n  the CSTS opera t ions  room i s  
similar t o  that  a t  Cape Kennedy and countdown procedures used 
are  t h e  same as f o r  an actual  launch. Tests are run t o  
co inc ide  w i t h  launch-on-time condi t ions.  
-more - 
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Centaur ' s  RL-10 engines undergo a t  least  thPee t e s t  
f i r i n g s  p r i o r  t o  each mission. 
ope ra t iona l  program, the RL-10 has accumulated about 8 ~ 0 0  
f i r i ngs - - inc lud ing  test f i r i n g s  and Centaur and Sa turn  I 
missions. To ta l  f i r i n g  time f o r  the  RL-10 has passed 
1,000,000 seconds. 
During i t s  development and 
Centaur '  s i n e r t i a l  guidance system, which i s s u e s  a l l  
f l i g h t  c o n t r o l  commands following Atlas boos ter  engine cu t -  
off ,  i s  checked out a t  the c o n t r a c t o r ' s  f a c i l i t y  p r i o r  t o  
acceptance f o r  a Centaur f l i g h t  vehic le .  This system i s  
b u i l t  by Honeywell, Inc., a t  i t s  St. Petersburg, Fla . ,  f a c i l i t y .  
Once the vehic les ,  spacecraf t ,  their  systems and subsys- 
tems have s a t i s f a c t o r i l y  passed combined systems t e s t i n g ,  
t hey  are shipped t o  Cape Kennedy f o r  e r e c t i o n  on the  Centaur 
launch complex. 
The Atlas boos ter  f o r  A C - 1 0  was e rec t ed  a t  Pad 36-A 
on March 21, followed by the  Centaur stage on March 31, and 
the Surveyor spacec ra f t  on A p r i l  17. 
The v e h i c l e  success fu l ly  completed a tanking tes t ,  a c t u a l  
tanking  of both Atlas and Centaur p rope l l an t s ,  on A p r i l  20. 
This was followed by a J o i n t  F l i g h t  Acceptance T e s t  (J-FACT) 
on A p r i l  26. 
f o r  May 26. 
combination i s  i n  a launch-ready condi t ion.  
A f i n a l  Combined Readiness Test  (CRT) i s  scheduled 
The l a t t e r  t e s t  confirms that  the vehic le -spacecraf t  
The main tes t  program w a s  conducted a t  the Convair Kearney 
Mesa p l a n t ,  the  Sycamore Canyon t e s t  f a c i l i t y  and a t  P t .  Loma 
i n  San Diego. Addit ional  t e s t i n g  inc ludes  a two-year series 
of dynamic tests a t  the NASA L e w i s  Research Cen te r ' s  Plum 
Brook S t a t i o n  w i t h  a complete Atlas-Centaur/Surveyor, simu - 
lated h igh -a l t i t ude  t e s t i n g  i n  Lewis' Space Power Chamber and 
s e p a r a t i o n  and nose f a i r i n g  j e t t i s o n  tests i n  a vacuum cham- 
ber a t  Lewis, loca ted  i n  Cleveland. 
Cen+,av.r F l jgh t  History 
The Centaur veh ic l e  has completed i t s  single-burn, 
d i r e c t - a s c e n t  development program and was declared opera t iona l  
f o r  l u n a r  and p lane tary  missions, fol lowing the successfu l  
AC-6 mission last August .  During the  AC-6 mission, a dynamic 
model of Surveyor was in j ec t ed  toward a target i n  space, 
c a l l e d  an  imaginary Moon, w i t h  s u f f i c i e n t  accuracy that ,  
had a Surveyor spacec ra f t  been d i r e c t e d  t o  a landing on the  
Moon, anddcourse v e l o c i t y  co r rec t ion  of only 9.5 miles  per  




Yet t o  be demonstrated i n  the  Centaur development pro- 
gram i s  a res tar t  c a p a b i l i t y  which w i l l  provide g r e a t e r  
f l e x i b i l i t y  i n  veh ic l e  launch operat ions by widening launch 
windows--periods during which lunar  or plane tary  payloads 
must be launched t o  i n t e r c e p t  t he  target--from minutes to 
hours. Zar th  parking o r b i t s  a l s o  would pe rmi t  Surveyor 
launches to be a t t e m p t e d  during win ter  months when luna r  
l i g h t i n g  condi t ions  a re  unfavorable for di rec t -ascent  tra- 
j e c t o r i e s .  
The Centaur p ro jec t  was i n i t i a t e d  by t h e  Advanced 
Research P r o j e c t s  Agency i n  1958 as the  n a t i o n ' s  first high- 
energy rocket  vehic le .  
oxygen oxid izer ,  Centaur provides about a 40 per  cen t  i nc rease  
i n  performance over vehic les  using conventional kerosene- 
type  f u e l s .  
Using l i q u i d  hydrogen w i t h  a l i q u i d  
The p r o j e c t  w a s  t r ans fe r r ed  to NASA's Marshall Space 
F l i g h t  Center i n  1960 and l a t e r  to the  agency 's  L e w i s  Re-  
search  Center i n  l a t e  1962. 
The exact  cause of the deplet ion of hydrogen-peroxide 
f u e l  on the  A C - 8  mission has not been determined. A similar 
v e h i c l e  development f l i g h t - - l a s t  i n  the ser ies  of Centaur 
v e h i c l e  tests--is scheduled l a t e r  t h i s  year.  
Other Atlas-Centaur vehic les  are scheduled t o  carry: 
Surveyor spacecraf t  t o  t h e  Moon and Mariner spacecraf t  t o  
Mars during the 1969 launch opportunity.  
-more- 
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ATLAS -CENTAUR FACT SHZET 
  AI^ f i g u r e s  approximate) 
L i f t o f f  Weight: 303,000 lbs. 
L i f t o f f  Height: 113 fee t  
Launch Complex: 36-A 




263,000 l b s .  37,590 l b s .  
(less payload) 
75 fee t  ( inc luding  48 f e e t  (with 
i n t e r s t a g e  adap te r  f a i r i n g )  
388,000 lbs .  ( s ea  30,000 lbs. ( a t  
l e v e l )  a l t i t u d e  ) 
Prope l l an t s  RP-1 ( f u e l )  and l i q u i d  Liquid hydrogen 
oxygen ( o x i d i z e r )  ( f u e l )  and l i q u i d  
oxygen ( o x i d i z e r )  
Propuls ion 
Ve loc i ty  
Guidance 
MA-5 system (2-165,000 Two RL-10 engines 
lb. thrust boos ter  en- 
g ines ,  1-57,000 lb. 
s u s t a i n e r  engine,  and 
2-670 lb. v e r n i e r  en- 
g i n e s )  
5560 mph a t  BECO 23,500 mph a t  i n -  
7700 mph a t  SECO jec i io i i  
Preprogrammed auto-  I n e r t i a l  










































































































































































































TRACKING AND COMMUNICATION 
The f l i g h t  of  the Surveyor spacecraf t  from i n j e c t i o n  
t o  the end of the mission w i l l  be monitored and con t ro l l ed  
by the  Deep Space Network (DSN) and the  Space F l igh t  Opera- 
t i o n s  F a c i l i t y  (SFOF) operated by the  Jet  Propulsion Labor- 
a tory .  
The Deep Space Network cons i s t s  of  s i x  permanent space 
communications s t a t i o n s  i n  Aus t ra l ia ,  Spain, South Afr ica ,  
and the  Ca l i fo rn ia  Mojave Deser t ;  a spacec ra f t  monitoring 
s t a t i o n  a t  Cape Kennedy; ana a spacecraf t  guidance and com- 
mand s t a t i o n  a t  Ascension I s l and  i n  the  South At l an t i c .  
The DSN f a c i l i t i e s  ass igned t o  the Surveyor p r o j e c t  are 
Pioneer a t  Goldstone, Calif.; and those a t  Johannesburg, 
South Afr ica ,  and T idb inb i l l a  i n  the  Canberra Complex, 
Aus t r a l i a .  
The Goldstone f a c i l i t y  i s  operated by JPL  w i t h  the  
a s s i s t a n c e  of t he  Bendix F ie ld  Engineering Corp. The T id -  
b i n b i l l a  f a c i l i t y  i s  operated by the Austral ian Department of 
Supply. The Johannesburg f a c i l i t y  i s  operated by the South 
Afr ican  government through the  Counsel of S c i e n t i f i c  and 
I n d u s t r i a l  Research and the Nat ional  I n s t i t u t e  f o r  Telecommun- 
i c a t i o n s  Research. 
The DSN uses  a ground communications system f o r  ope ra t iona l  
c o n t r o l  and data t ransmission between these  s t a t i o n s .  The 
ground communications system i s  a part  of  a l a r g e r  n e t  (NASCOM) 
which l i n k s  a l l  o f  the NASA s t a t i o n s  around the world. This 
n e t  i s  under the  t echn ica l  d i r e c t i o n  of  the Goddard Space F l i g h t  
Center, Greenbelt ,  Md. 
The DSN supports  t he  Surveyor f l i g h t  i n  t racking the space- 
c r a f t ,  r ece iv ing  te lemetry from the spacecraf t ,  and sending 
coirriiznds t o  211 of  NASA's iinmanned luna r  and p lane tary  space- 
c r a f t  from the  time they a r e  in j ec t ed  i n t o  p lane tary  o r b i t  u n t i l  
they complete the i r  missions. 
S t a t i o n s  of the DSN receive the spacecraf t  r ad io  s igna l s ,  
amplify them, process  them t o  separate  the  data from the  
c a r r i e r  wave and t ransmit  required por t ions  of the data t o  the  
command cen te r  v i a  high-speed data  l i n e s ,  r ad io  links, and 
t e l e t y p e .  The s t a t i o n s  a r e  a l s o  l inked with the cen te r  by voice 
l i n e s .  A l l  incoming data are recorded on magnetic tape.  
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The information transmitkea from the 3SN s t a t i o n s  t o  the  
SFOF i s  fed i n t o  l a r g e  s c a l e  computer s y s t e m s  which $ rans l a t e  
t he  d i g i t a l  code i n t o  engineering u n i t s ,  s epa rz t e  inZoimation 
p e r t i n e n t  t o  a given subsystem on t h e  spacec ra f t ,  and. dr ive  
d i s p l a y  equipment i n  the  SFCF t o  p re sen t  the  informatiGn t o  
t h e  engineers  on the p ro jec t .  All ificoming d a t a  are agaii; 
recorded i n  the  computer memory system and are a v a i l a b l e  on 
demand . 
Equipment f o r  monitoring t e l e v i s i o n  recept ion  from a 
Surveyor spacec ra f t  i s  loca ted  in  the  SFCF. 
Some of the equipment i s  designed t o  proviae quick-look 
information f o r  dec i s ions  on conmanding the  camera t o  nvhanse 
i r i s  s e t t i n g s ,  change tne  f i e l d  oI" view from narrow angle t o  
wide angle,  change rocus, or tc ncve the  camera e i t h e r  
h o r i z o n t a l l y  or v e r t l z a l l y .  'i 'elevicion inonitors d i sp l ay  the 
p i c t u r e  being received.  The p i c t u r e s  a r e  received l i n e  by 
l i n e  and each l i n e  i s  held on a long oe r s i s t ance  t e l e v i s i o n  
tube u n t i l  the  p i c t u r e  i s  complete. k s p e c i a l  camera system 
produces p r i n t s  of' the  p i c t u r e s  f o r  quick-look ana lys i s .  
Other equipment w i l l  produce b e t t e r  q u a l i t y  p i c t u r e s  from 
nega t ives  produced by a prec is ion  r ' i l m  recorder .  
COmImnGS t o  opera te  the  camera w i l l  be prepared i n  advance 
on punched paper tape and forwarded t o  the  s t a t i o n s  of the  DSN. 
They w i l l  be t ransmi t ted  t o  the  spacec ra f t  from the  DSN s t a t i o n  
on o rde r s  from the SFOF. 
Three t e c h n i c a l  teams support t he  Surveyor mission i n  the  
SFOF: one i s  respons ib le  f o r  determining the  t r a j e c t o r y  of 
t h e  s p a c e c r a f t  inc luding  determination of  launch per iods and 
launch requirements, generat ion o f  commands f o r  t he  midcourse 
and terminal maneuvers; t h e  second i s  respons ib le  f o r  continuous 
eva lua t ion  of  the  condi t ion of the  spacec ra f t  f rom engineering 
data radioed t o  Earth;  the  t h i r d  i s  respons ib le  f o r  eva lua t ion  
ol" d a t a  regarding the spacec ra f t  and for genera t ing  coiirixnds 
c o n t r o l l i n g  spacec ra f t  operat ions.  
TRAJECTORY 
The determinat ion o f  possible  launch days, s p e c i f i c  t i m e s  
du r ing  each day, and the  Earth-Moon t r a j e c t o r i e s  f o r  t he  Sur- 
veyor spacec ra f t  i s  based on a number of  f a c t o r s .  
-more - 
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A primary cons idera t ion  i s  the d i r e c t  ascent  launch as 
opposed t o  the parking o r b i t  technique. A parking o r b i t  i s  
more complex i n  t h a t  it r e q u i r e s  the Centaur second s t age  t o  
f i r e  i t s  engines t o  achieve the  i n i t i a l  c i r c u l a r  o r b i t ,  coas t  
i n  o r b i t  about the  Earth and then t o  f i r e  i t s  engines the  
second time t o  a c c e l e r a t e  the  spacecraf t  t o  the  requi red  lunar  
t r a n s i t  ve loc i ty  . 
I n  i t s  first ope ra t iona l  missions the  Centaur w i l l  no t  be 
requi red  t o  perform t h e  complex double burn, A f t e r  separa t ion  
from the Atlas booster,  the Centaur w i l l  i g n i t e  i t s  engines 
which w i l l  continue t o  burn u n t i l  the  lunar  t r a n s i t  v e l c c i t y  
has been reached. This ve loc i ty  v a r i e s  s l i g h t l y  w i t h  launch 
day and time but  i s  approximately 24,500 mph. 
Use of the  d i r e c t  ascent  t r a j e c t o r y  limits each monthly 
launch per iod t o  those days when the  Moon i s  a t  negat ive 
d e c l i n a t i o n s  -- that is, i n  pos i t ions ,  r e l a t i v e  t o  Earth, below 
the  Earth's equator.  
The days of the month ava i l ab le  f o r  launching alie determined 
by the  a t t a i n a b l e  range in the f l i gh t  path angle of  the  Centaur 
a t  i n j e c t i o n  -- that poin t  i n  time when the Centaur engines 
cease f i r i n g  and the  required ve loc i ty  f o r  a lunar  f l ight has 
been reached. The f l i gh t  path angle is  the angle a t  which 
Centaur i s  moving r e l a t i v e  t o  a hor i zon ta l  plane of the  Earth 
below. Changes i n  t h i s  angle compensate f o r  t he  d a i l y  change 
i n  the  p o s i t i o n  o f  the Moon. 
The a t t a i n a b l e  range i n  the  angle is  determined by the  
f u e l  a v a i l a b l e  i n  the Atlas-Centaur combination, as both veh ic l e s  
a r e  involved i n  the angle of  Centaur a t  i n j e c t i o n ,  
t i o n  from a hor i zon ta l  f l i g h t  path a t  i n j e c t i o n  r e q u i r e s  more 
f u e l  t o  i n j e c t  a given spacecraf t  weight a t  the  required 
ve loc i ty .  
Any dpvia- 
The time span during each day that Surveyor can be launhhed -- 
t h e  launch window -- i s  determined by the requirement that the 
launch s i t e  a t  launch time and the Moon a t  arrival time S e  can- 
t a i n e d  in the Earth-Moon-transfer o r b i t  plane,  With the  launch 
s i t e  moving eastward as the Earth revolves,  acceptable  condi t ions 
occur only once each day f o r  a given plane. However, by a l t e r -  
i ng  the plane as a r e s u l t  of changing the launch azimuth, o r  
d i r e c t i o n  of launch f r o m  the  launch s i t e ,  between an allowable 
80 t o  115 degrees, East o f  North, the launch window can be 
extended up t o  as much as two hours. 
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The launch azimuth cons t r a in t  of 80 t o  115 degrees i s  
imposed by the  range s a f e t y  considerat ion o f  a l lowing the 
i n i t i a l  launch phase only over the ocean, no t  over  land masses. 
The time of f l i g h t ,  o r  the  time t o  landing, about 61 t o  
65 hours,  is determined by t he  f a c t  that  Surveyor must reach 
t h e  Moon during the  viewing period of the  prime Deep Space N e t  
s t a t i o n  a t  Goldstone. 
The t r a j e c t o r y  is  a l s o  inf luenced by the landing s i t e  
se l ec t ion .  This s e l e c t i o n  is  based on s e v e r a l  considerat ions,  
one that a l i m i t a t i o n  i s  imposed on the  first Surveyor flights 
the s p a c e c r a f t ' s  angle  of approach t o  t he  Moon must n o t  exceed 
20 degrees  o f f  v e r t i c a l .  
on the  Moon f o r  each launch day that  a spacec ra f t  can land 
v e r t i c a l l y .  
There i s  e s s e n t i a l l y  only one po in t  
The 20-degree considerat ion then, i n  e f f e c t ,  draws a con- 
Surveyor must land within s t r a i n i n g  c i r c l e  around th i s  point.  
that  c i r c l e .  
The landing s i t e s  a r e  f 'urther l imi ted  by the  curvature  of 
The t r a j e c t o r y  engineer cannot p i ck  a si te,  even i f  the  Moon. 
it f a l l s  within h i s  20-degree c i r c l e ,  i f  the  curvature  of the 
Moon w i l l  i n t e r f e r e  with a d i r e c t  communication l i n e  between 
the  spacec ra f t  and the  Ehrth. 
Two o the r  f a c t o r s  i n  landing s i t e  s e l e c t i o n  are smoothness 
o f  t e r r a i n  and a requirement f o r  Surveyor t o  land i n  the land- 
ing  area se l ec t ed  f o r  the Apollo manned luna r  mission. 
Light ing condi t ions on t h e  Moon on a r r i v a l  of t he  space- 
c r a f t  a t  a given landing s i te  a re  determined by the  launch day 
which, i n  turn,  i s  con t ro l l ed  by the  use of d i r e c t  ascent  tra- 
j e c t o r i e s  which limits the  launch days ava i lab le .  I n  later 
miss ions  using a parking o r b i t ,  the  launch day can be picked t o  
provide optimum l ight  condi t ions.  
Thus the  t r a j e c t o r y  engineer iiii;ist t i e  t cge the r  the d i r e c t  
ascent c h a r a c t e r i s t i c s  , t he  landing s i t e  loca t ion ,  t he  dec l ln -  
a t i o n  of the Moon and f l i g h t  time, in determining when t o  
launch, i n  which d i r e c t i o n ,  and a t  what ve loc i ty .  
remain too long i n  the Earth's shadow. 
r e s u l t  i n  malfunction of  components o r  subsystems. 
the Surveyor must no t  remain i n  t he  shadow of the Moon beyond 
g iven  limits. 
H i s  chosen t r a j e c t o r y  also must no t  a l low Surveyor t o  
Too long a per iod could 
I n  addi t ion ,  
-more - 
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The v e l o c i t y  of the spacec ra f t  when it a r r i v e s  a t  the 
Moon must a l s o  f a l l  within defined limits. These limits are 
def ined by the  r e t r o r o c k e t  capab i l i t y .  
t o  the Moon is  p r imar i ly  co r re l a t ed  with the  f l i g h t  t i m e  and 
the Earth-Moon d i s t ance  f o r  each launch day. 
The v e l o c i t y  r e l a t i v e  
So, a fur ther  requirement on the t r a J e c t o r y  engineer  
i s  the amount o f  h e 1  a v a i l a b l e  t o  slow the  Surveyor from i t s  
lunar approach speed of n e a r l y  6000 miles per hour t o  n e a r l y  
zero  v e l o c i t y  13 feet above t h e  l'ioon's surface.  The chosen 
t r a j e c t o r y  must n o t  y ie ld  v e l o c i t i e s  t h a t  are beyond the 
designed c a p a b i l i t i e s  of the spacec ra f t  propuls ion system. 
on the f l i g h t  path and v e l d i t y  of the spacecraf't  o f  the 
g r a v i t a t i o n a l  a t t r a c t i o n  o f  pr imari ly  the Earth and Moon and 
t o  a lesser degree the  Sun, Mercury, Venus, Mars, and Jupiter.  
It i s  no t  expected t h a t  the  launch can be performed w i t h  
s u f f i c i e n t  accuracy t o  impact the Moon i n  exac t ly  the  desired 
a r e a  without  a midcourse maneuver. The u n c e r t a i n t i e s  involved 
i n  a launch u s u a l l y  y i e l d  a t r a j e c t o r y  or an i n j e c t i o n  v e l o c i t y  
t h a t  vary s l i g h t l y  from the desired values.  These u n c e r t a m -  
t i e s  are due t o  inhe ren t  l i m i t a t i o n s  i n  the guidance system or" 
the  launch vehicle .  To compensate, l una r  and deep space space- 
c r a f t  have the c a p a b i l i t y  of  performing a midcourse maneuver 
o r  t r a j e c t o r y  cor rec t ion .  To a l te r  the t r a j e c t o r y  of a space- 
c r a f t  i t  is  necessary t o  apply th rus t  i n  a s p e c i f i c  d i r e c t i o n  
t o  change i t s  ve loc i ty .  The t r a j e c t o r y  of a body a t  a p o i n t  
i n  space i s  b a s i c a l l y  determined by i t s  ve loc i ty .  
Also included i n  t r a j e c t o r y  computation i s  the inf luence  
For example, a simple midcourse maneuver might involve 
c o r r e c t i n g  a too  high i n j e c t i o n  ve loc i ty .  To c o r r e c t  f o r  
t h i s  the spacec ra f t  would be commanded t o  t u r n  i n  space u n t i l  
i t s  midcourse engines were poin t ing  i n  i t s  d i r e c t i o n  of t r a v e l .  
T h r u s t  from the engines would slow the c r a f t .  
however, the midcourse i s  fa r  more complex and w i l l  involve 
changes both i n  v e l o c i t y  and i t s  d i r e c t i o n  o? 'cravei. 
Generally,  
A c e r t a i n  m o u n t  of th rus t  appl ied  i n  a s p e c i f i c  d i r e c t i o n  
can achieve both changes. Surveyor w i l l  use i t s  t h r e e  l iquid 
fue l  v e r n i e r  engines t o  a l t e r  i t s  f l i g h t  pa th  i n  the midcourse 
maneuver. 
yaw i n  o rde r  t o  po in t  the t h r e e  engines i n  the requi red  d i r e c -  
t i o n .  
v e l o c i t y  requi red  t o  a l t e r  the  t r a j e c t o r y .  
It w i l l  be commanded t o  r o l l  and then to p i t ch  o r  
The engines then burn long enough t o  apply the change i n  
-mere- 
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The change i n  the t r a j e c t o r y  i s  very s l i g h t  a t  t h i s  
p o i n t  and a t racking  period of about 20 hours i s  required t o  
determine the new t r a j e c t o r y .  This determinat ion w i l l  a l s o  
provide the  data requl red  t o  p red ic t  the spacec ra f t ' s  angle 
of approach t o  t h e  f4oon, time of a r r i v a l ,  and i t s  ve loc i ty  as 
it  approaches the Moon. 
SURVEYOR A FLIGHT MISSION 
Surveyor w i l l  be launched by an  A t l a s  f irst  s tage  and 
Centaur second s t age  i n t o  a d i r e c t  a scen t  l una r  t r a j e c t o r y .  
A parking o r b i t  w i l l  no t  be used i n  o rde r  t o  s implify the de- 
mands on the Centaur i n  i t s  first ope ra t iona l  mission. 
Atlas Phase 
A l l  f i v e  of the Atlas engines -- three main engines and 
two ve rn ie r  c o n t r o l  engines -- a re  i g n i t e d  j u s t  before  l i f t o f f .  
For t h e  first two seconds, the Atlas-Centaur r i s e s  v e r t i c a l l y  
and then f o r  13 seconds rolls t o  the desired f l i g h t  plane 
azimuth of from 85 t o  115 degrees depending upon launch time. 
A f t e r  15 seconds of  f l i g h t ,  the vehic le  begins p i t ch ing  
over  t he  des i r ed  f l i g h t  t r a j e c t o r y  which cont inues throughout 
the Atlas-powered phase of' the  f l i g h t .  
A t  142 seconds a f te r  l i f t o f f ,  boos te r  engine cu to f f  (BECO) 
occurs  when an a c c e l e r a t i o n  l e v e l  o f  5.7 G s  i s  sensed. Three 
seconds l a t e r  t he  boos te rs  are j e t t i s o n e d  and the s u s t a i n e r  
engine cont inues t o  propel  the vehicle  and Centaur guidance 
s tar ts  s t e e r i n g  the  Atlas. 
Af t e r  176 seconds of  f l igh t ,  the four  i n s u l a t i o n  panels  
around the  Centaur s t age  a r e  j e t t i s o n e d  and 27 seconds la te r  the  
ncse f a i r i n g  i s  j e t t i soned .  Atlas s u s t a i n e r  engine cu to f f  
(SECO) occurs a t  me1 dep le t ion  a f t e r  240 seconds of f l i g h t  a t  
an a l t i t u d e  of about 97 miles.  Two seconds l a t e r ,  A t l a s  and 
Centaur separate .  
Centaur Phase 
P r i o r  t o  i g n i t i o n  of t h e  Centaur stage, the RL-10 engines 
are p r e c h i l l e d  wi th  p rope l l an t s  t o  avoid vaDorization of the 
-423- degree F. l i q u i d  hydrogen as  it en te r s -  the turbopumps. 
I n i t i a l  p r e c h i l l i n g  was performed on the ground p r i o r  t o  l i f t -  
of f  u s i n g  l i q u i d  helium a t  -452 degrees FT, i n  order  t o  mini- 
mize i n - f l i g h t  p rope l l an t  use. 
-more - 
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A t  251 seconds a f te r  l i f t o f f  a t  an a l t i t u d e  of about 
104 miles, Centaur 's  two engines a r e  i g n i t e d  f o r  a planned 
burn of 434 seconds. Shutdown occurs a t  about 685 seconds 
when the  guidance system senses  that the vehic le  has a t t a i n e d  
proper ve loc i ty .  
Shor t ly  a f t e r  cu to f f ,  the programmer commands extension 
of  Surveyor 's  l e g s  and two omnidirect ional  antennas and 
orde r s  the s p a c e c r a f t ' s  t r ansmi t t e r  t o  high power. The 
programmer then commands separa t ion  of Surveyor from Centaur 
a f t e r  some 757 seconds of f l i g h t  a t  an a l t i t u d e  of 111 m i l e s .  
Three spring-loaded cy l inde r s  force Centaur and Surveyor 
apart  . 
Five seconds l a t e r ,  Centaur i s  r o t a t e d  180 degrees by 
i t s  a t t i t u d e  c o n t r o l  system i n  order  t o  perform a r e t r o -  
maneuver to i n su re  that  sun l igh t  r e f l e c t e d  from Centaur w i l l  
n o t  confuse Surveyor 's  o p t i c a l  sensors  and t o  prevent  Centaur 
from impacting the  Moon. 
Residual  p rope l l an t s  are blown through Centaur 's  engines 
f o r  about four  minutes r e s u l t i n g  i n  Centaur and Surveyor be ing  
separa ted  by a t  least 200 miles some f i v e  hours after launch. 
A t  l i f t o f f  p lus  21 minutes, Atlas-Centaur has completed 
i t s  part of  the mission. The Centaur s tage  cont inues i n  
a h igh ly  e l l i p t i c a l  Earth o r b i t ,  extending more than 250,000 
miles i n t o  space and c i r c l i n g  theEarth once each 11 days w i t h  
an o r b i t a l  i n c l i n a t i o n  o f  about 33.6 degrees. 
I n i t i a l  Surveyor Phase 
A f t e r  s epa ra t ion  from Centaur, Surveyor g ives  an auto-  
matic command to f i r e  explosive blots t o  unlock the s o l a r  
panel.  A stepping motor moves the panel t o  a prescr ibed 
p o s i t i o n .  So la r  panel  deployment can alss be cmmanded from 
t h e  ground i f  the  automatic sequence fa i l s .  
Surveyor then pel-forms an automatic Sun-seeking maneuver 
t o  s t a b i l i z e  the  p i t c h  and yaw axes and t o  a l i g n  i t s  s o l a r  
panel w i t h  theSun f o r  conversion of  sun l igh t  t o  e l e c t r i c i t y  
t o  power the  spacecraf t .  P r i o r  to t h i s  event the  spacecraft's 
main b a t t e r y  i s  providing power. 
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The Sun a c q u i s i t i o n  sequence begins immediately a f t e r  
s epa ra t ion  from Centaur simultaneously with t h e  s o l a r  panel  
deployment. 
a t  separa t ion ,  w i l l  f i rst  e l imina te  p i t c h ,  r o l l  and yaw 
motions r e s u l t i n g  from separa t ion  f rom Centaur. Then a 
sequence of  con t ro l l ed  r o l l  and yaw tu rn ing  maneuvers i s  
commanded for Sun acqu i s i t i on .  Sun sensors  aboard Surveyor 
provide s i g n a l s  t o  the a t t i t u d e  c o n t r o l  gas j e t s  t o  s t o p  
the  s p a c e c r a f t  when itis pointed a t  the  Sun. Once locked 
on the  Sun, t h e  gas j e t s  pu l se  i n t e r m i t t e n t l y  t o  c o n t r o l  
p i t c h  and yaw a t t i t u d e .  P a l r s  o f  a t t i t u d e  c o n t r o l  j e t s  are 
loca ted  on each of  the  t h r e e  landing l e g s  of  the Spacecraf t .  
The n i t rogen  gas j e t  system, which i s  a c t i v a t e d  
I n  the event  the spacec ra f t  does not  perform t h e  Sun- 
seeking maneuver au tomat ica l ly ,  t h i s  sequence can be commanded 
from the ground. 
The next  c r i t i c a l  s t e p  f o r  Surveyor i s  a c q u i s i t i o n  o f  
i t s  r a d i o  s i g n a l  by the Deep Space Net t r ack ing  s t a t i o n  a t  
Johannesburg, South Afr ica ,  t he  f i r s t  DSN s t a t i o n  to see  
Surveyor a f te r  launch. 
It i s  c r i t i c a l  a t  t h i s  po in t  to e s t a b l i s h  the  communications 
l i n k  w i t h  the spacec ra f t  t o  rece ive  te lemetry to quickly determine 
the  condi t ion  of the  spacecraf t ,  f o r  command c a p a b i l i t y  t o  a s su re  
c o n t r o l ,  and f o r  Doppler measurements from which v e l o c i t y  and 
t r a j e c t o r y  a r e  computed. 
The t r a n s m i t t e r  can only operate  a t  high power f o r  
approximately one hour without overheating. It i s  expected, 
however, t ha t  t he  ground s t a t i o n  w i l l  lock on t o  the  space- 
c r a f t ' s  r a d i o  s i g n a l  w i t h i n  40 minutes a f t e r  launch and i f  
overhea t ing  is ind ica ted ,  t he  t r a n s m i t t e r  can be commanded 
to low power. 
The next  major spacec ra f t  event  a f t e r  t he  Sun has been 
acqui red  is Canopus accpisit . ion.  Locking on t h e  star Canopus 
provides  a fixed i n e r t i a l  re fe rence  f o r  the  r o l l  axis. 
Can )pus Acquisit ion 
Canopus a c q u i s i t i o n  i s  commanded f r o m  the ground about 
s i x  hours a f t e r  launch. The gas j e t s  f i r e  to r o l l  the  space- 
c r a f t  a t  0.5 degree-per-second. When t h e  sensor  sees  the 
p r e d i c t e d  br ightness  of Canopus ( the b r i g h t e s t  s ta r  i n  the  
Southern Hemisphere) it orders  t he  r o l l  to s t o p  and locks 
on t o  the  star. The br ightness  of the  l i g h t  source i t  i s  
s e e h g  I s  telemetered to Earth t o  v e r i f v  that  i t  i s  lockeg 
on c ~ o p u s .  Verj.;icatiorl aLsc be _n"roviileci by a ~ P O U I G  
command order ing  a 360-degree r o l l  and the p l o t t i n g  of each 
light zzurce the sensor  sees that is in the  s e n 9 i t i v i t g  rarige 
o f  the sensor.  T h i s  star map cari L e  eo%pared w i t h  a map pre-  
ared before  launch to veri13 tha t  the  spacec ra f t  i s  1oclc.m o:i 
anopus . 
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Now properly or ien ted  on the Sun and Canopus, Surveyor 
i s  i n  the coas t  phase of the  t r a n s i t  t o  the Moon. Surveyor 
i s  t r ansmi t t i ng  engineer ing data  t o  Earth and r ece iv ing  commands 
v i a  one of i t s  omnidirect ional  antennas. Tracking data i s  
obtained from the poin t ing  d i r e c t i o n  of ground antenna 
and observed frequency change (Doppler). The so la r  panel 
i s  providing e l e c t r i c a l  power and a d d i t i o n a l  power f o r  peak 
demands i s  being provided by one of two bat ter ies  aboard. 
The gas je ts  are puls ing  i n t e r m i t t e n t l y  t o  keep the c ia f t  
a l igned  on the  Sun and Canopus. 
The engineer ing and t racking  information i s  being received 
from Surveyor a t  one of the  s t a t i o n s  of the Deep Space N e t .  
The data i s  communicated t o  t h e  Space F l i g h t  Operations F a c i l i -  
t y  a t  JPL where the f l i g h t  path of the spacec ra f t  i s  being 
c a r e f u l l y  ca l cu la t ed  and the condi t ion of the spacec ra f t  con- 
t i nuous ly  monitored. 
Midcourse Maneuver 
Tracking data i s  used t o  determine how large a t ra jec-  
t o r y  co r rec t ion  must  be made t o  land Surveyor i n  a given 
target area. This  t r a j e c t o r y  cor rec t ion ,  called the  mid- 
course maneuver, i s  required because of u n c e r t a i n t i e s  i n  the 
launch opera t ion  tha t  prevent absolu te  accuracy i n  p lac ing  
a spacec ra f t  on a t r a j e c t o r y  that  w i l l  i n t e r c e p t  the Moon. 
The midcourse i s  t imed  t o  occur over the Goldstone 
s t a t i o n  of t he  DSN, the  t racking  s t a t i o n  neares t  the  SFOF 
a t  JPL. 
The t h r u s t  f o r  t he  midcourse i s  provided by the  space- 
c r a f t ' s  three l i q u i d  f u e l  ve rn ie r  engines.  This  w i l l  be the  
f irst  midcourse maneuver t o  be performed w i t h  t h i s  type  of pro- 
pu l s ion  s y s t m .  Tot.al t h r u s t  l e v e l  i s  con t ro l l ed  by an  ac-  
celerometer  a t  a cons tan t  a c c e l e r a t i o n  equal  t o  0.1 %art5 g.  
Poin t ing  e r r o r s  are sensed by gyros which can cause the in -  
d i v i d u a l  engines t o  change t h r u s t  l e v e l  t o  c o r r e c t  p i t c h  and 
yaw e r r o r s  and swivel one engine t o  c o r r e c t  roll e r r o r s .  
F l i g h t  c o n t r o l l e r s  determine the required t r a j e c t o r y  
change t o  be accomplished by the  midcourse maneuver. 
o r d e r  t o  a l i g n  the engines i n  the  proper d i r e c t i o n  t o  app ly  
t h r u s t  t o  change the t r a j ec to ry ,  Surveyor i s  commanded t o  r o l l ,  
t h e n  p i t c h  o r  yaw t o  achieve t h i s  alignment. Normally, t w o  
maneuvers are required,  a r o l l - p i t c h  o r  a roll-yaw. 



















The dura t ion  of the first maneuver i s  radioed to the 
spacecraf t ,  s to red  aboard and re- t ransmit ted back t o  Earth 
f o r  v e r i f i c a t i o n .  Assured tha t  Surveyor has received the 
proper information, ground c o n t r o l l e r s  command it t o  perform 
the f irst  maneuver. The second maneuver i s  handled i n  the 
same fash ion .  When the motors are properly a l igned ,  the  
number of seconds of requi red  t h r u s t  i s  t ransmi t ted  t o  the 
spacecraf t ,  s tored ,  v e r i f i e d  and then  executed. 
I n  the  event of a f a i l u r e  of the  automatic timer aboard 
the  spacecraf t  which checks out  the du ra t ion  of each maneuver 
t u r n  and f i r i n g  period, each s t e p  i n  the  sequence can be pe r -  
formed by c a r e f u l l y  timed ground commands. 
Af te r  completion of the midcourse maneuver, Surveyor re- 
acqu i r e s  the Sun and Canopus. Again Surveyor i s  i n  the  c r u i s e  
mode and the next c r i t i c a l  event w i l l  be the te rmina l  maneu- 
v e r  . 
Terminal Sequence 
The f i rs t  s tep  starts about 1000 miles above theMoon*s 
sur face .  The exact  descent maneuvers depend on the  f l i g h t  
path and o r i e n t a t i o n  of the Surveyor w i t h  respect t o  the Moon 
and the target area. Normally t h e r e w i l l  be a r o l l  followed 
by a yaw o r  a p i t c h  tu rn .  A s  i n  the midcourse maneuver, the 
du ra t ion  t i m e s  of the maneuvers are  radioed t o  the spacecraf t  
and the gas j e t s  f i r e  t o  execute t he  required r o l l  and p i t c h  
and yaw. The ob jec t  of the  maneuvers i s  t o  a l i g n  the main 
r e t r o  rocket  w i t h  the approach v e l o c i t y  vec tor .  To perform 
the  maneuvers, the  spacec ra f t  breaks i t s  lock on the  Sun and 
Canopus. A t t i t ude  con t ro l  i s  maintained by i n e r t i a l  sensors. 
Gyros sense changes i n  the  a t t i t u d e  and o rde r  the gas j e t s  t o  
f i r e  t o  maintain the c o r r e c t  a t t i t u d e - u n t i l  the  r e t ro rocke t  
i s  ignited.  
With the  main r e t r o  al igned,  the a l t i t u d e  marking radar 
i s  a c t i v a t e d  by ground command a t  approximately 200 miles 
above the  Moon's surface.  A l l  subsequent terminal  events  are 
au tomat i ca l ly  con t ro l l ed  by radar  and the F l i g h t  Control Pro- 
grammer. The a u x i l i a r y  ba t t e ry  i s  connected t o  h e l p  the main 
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A t  approximately 60 miles s l a n t  range from the  Moon's 
sur face ,  the marking radar s t a r t s  the F l i g h t  Control Program- 
mer which then  counts down a previously stored delay t i m e  and 
commands i g n i t i o n  of the  three l i q u i d  f u e l e d ,  t h ro t t l eab le  
v e r n i e r  engines and then t h e  s o l i d  propel lan t  main r e t r o .  The 
ve rn ie r  engines maintain a constant spacecraf t  a t t i t u d e  during 
the main r e t r o  t h r u s t i n g  period, i n  a manner similar t o  that  
employed during midcourse th rus t ing .  The spacecraf t  is  t r a v e l -  
ing  a t  approximately 6,000 miles p e r  hour. 
burns o u t  i n  40 seconds a t  about 25 miles above t h e  sur face  
a f t e r  reducing t h e  v e l o c i t y  t o  about 250 miles p e r  hour. 
cas ing  of t h e  main r e t r o  i s  separated from the  spacec ra f t  on 
command from the  programmer 12 seconds a f t e r  burnout by ex- 
p los ive  b o l t s  and f a l l s  free.  
The main r e t r o  
The 
After  burnout the F l i g h t  Control Programmer c o n t r o l s  
t he  t h r u s t  l e v e l  of t h e  v e r n i e r  engines u n t i l  the  Radar A l -  
timeter and Doppler Veloci ty  Sensor (RADVS) locks  up on i t s  
r e t u r n  s i g n a l s  from the Moon's surface.  
Descent i s  then con t ro l l ed  by the RADVS and the  v e r n i e r  
engines.  S igna ls  from RADVS a r e  processed by the f l i g h t  con- 
trol e l e c t r o n i c s  t o  t h r o t t l e  the  three v e r n i e r  engines reduc- 
i n g  v e l o c i t y  as  the  a l t i t u d e  decreases.  A t  14 feet  above t h e  
su r face ,  Surveyor i s  slowed t o  f i v e  feet  p e r  second. A t  t h i s  
po in t  t h e  engines are s h u t  o f f  and the spacecraf t  f ree  f a l l s  
t o  t he  sur face .  
The landing impact i s  cushioned by crushable  f o o t  pads 
and shock absorbers  on each of t h e  three legs  and by crusha- 
b l e  honeycomb aluminum blocks under the frame i n  case  of a n  
excep t iona l ly  hard landing. 
Post-landing Events 
Of prime i n t e r e s t  t o  the engineers who designed Surveyor 
i s  the  engineer ing te lemet ry  received during the descent and 
touchdown. Touchdown i s  followed by per iods of engineer ing 
t e l eme t ry  to determine t h e  condi t ion of t h e  spacec ra f t .  
If the  spacecraf t  i s  i n  opera t iona l  condi t ion on the 
sur face ,  f l i g h t  con t ro l  power i s  turned off t o  conserve bat- 
t e r y  power and a series of wide ang le  200-line TV p i c t u r e s  
are  taken. 
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The solar p a n e l  and h i g h  g a i n  p l a n a r  array a n t e n n a  are 
a l i g n e d  wi th  t he  Sun  and Earth.  If t h e  high g a i n  a n t e n n a  i s  
s u c c e s s f u l l y  o p e r a t e d  t o  l o c k  on E a r t h ,  t r a n s m i s s i o n  of 600 
l i n e  t e l e v i s i o n  p i c t u r e s  w i l l  beg in .  If it i s  n e c e s s a r y  t o  
o p e r a t e  th rough  one of t h e  low g a i n ,  o m n i d i r e c t i o n a l  a n t e n n a s ,  
a d d i t i o n a l  200 l i n e  p i c t u r e s  w i l l  be t r a n s m i t t e d .  
The l ifetime of Surveyor  on t h e  s u r f a c e  w i l l  be deter- 
mined by a number of f a c t o r s :  t h e  power r ema in ing  i n  the 
ba t te r ies  i n  t h e  e v e n t  that t h e  Sun i s  n o t  a c q u i r e d  by the  
s o l a r  p a n e l ,  spacecraft  r e a c t i o n  to t h e  i n t e n s e  heat of the 
l u n a r  day, e t c .  The f i r s t  Surveyors  a re  n o t  expec ted  to las t  
t h r o u g h  a l u n a r  n i g h t .  
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Torrance, C a l i f .  
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A i r k t e  
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Air tek Divis ion 
Fans t ee l  Meta l lurg ica l  Corp. 
Compton, C a l i f .  
Ampex 
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Bendix Corp. 
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Sou thhampt on, Penn . Subca r r i e r  o s c i l l a t o r  
ATLAS 
Rocketdyne Div. of M A - 5  propuls ion system 
North American Aviation 
Inc .  ( a s s o c i a t e  prime) 
Canoga Park, C a l i f .  
Thiokol  Chemical Corp. 
Reaction Motors Div. 
Hadley Co. Inc.  
F lu idgenics  Inc.  
General P rec i s ion  Inc. 
Kearf o t t  Div . 
San Marcos, Calif .  
Honeywell Inc.  
Aeronautical  Div. 
LOX and f u e l  s t ag ing  valves  
-- valves,  yegdlators and discon- 





F i f t h  Dimension Inc.  Commutators 
Bendix Corp. 
Bendix P a c i f i c  Div .  
Telepaks and oscillators 
Fa i rch i ld -Hi l l e r  
S t r a t o s  Western Div. 
LOX f u e l  and d r a i n  va lves  
Bourns Inc.  Transucers and potentiometers 
Washington S t e e l  Co. 
Nashington, Pa.  
S t a i n l e s s  s t e e l  
CENTAUR 
General Dynamics/Ft. Worth 
D i v . ,  F t .  Worth, Tex. 
In su la t ion  panels  and nose 
f a i r i n g  
Pesco Froducts Div. of 
Borg-Narner Corp. 
Bedford, Ohio 
Boost pumps f o r  RL-10 engines 
B e l l  Aerosystems Co. of 
B e l l  Aerospace Corp. 
Buffalo,  N.Y. 
At t i tude  con t ro l  system 
Liquidometer Aerospace Div. 
Simmonds Prec is ion  Products, 
Inc . 
Long Is land ,  N.Y. 
Propel lant  u t i l i z a t i o n  system 
General Prec is ion  Inc.  
Aerospace Gp. , Kearfot t  
Div., San Marcos, Cal i f .  
Computer f o r  i n e r t i a l  guidance 
system 
Goodyear Aerospace Div. of 
Goodyear T i r e  and Ihbber Co. 
Akron, Ohio 
Handling t r a i l e r  
Systems and 1nstrumei:ts Div. 
of Bulova Watch Co 
Flushing, N.Y. 
De s t ru c t o r  s 
Consolidated Controls Corp. 
E l  Segundo, Cal i f .  
Safe and ann i n i t i a t o r  
-more- 
-47- 
Borg-Warner Controls Div. of I n v e r t e r  
Borg-Warner Corp. 
Santa Ana, Cal i f .  
Sippican Corp. 
Marion, Mass. 
General E l e c t r i c  Co. 
Lynn, Mass. 
Vickers Div. of 
Sper ry  Rand Corp. 
Troy, Mich. 
Modules f o r  p rope l l an t  u t i l i -  
za t ion  system 
Turbine 
Hydraulic pumps 
Edc l i f f  Instruments,  Inc.  Transducers and switches 
Monrovia, Calif. 
Rosemount Engineering Co. Transducers 
Minneapolis, Minn. 
S c i e n t i f i c  Data Systems Computers 
Santa Monica, Calif. 
W. 0. Leonard,Inc. 
Pasadena, Calif. 




LUNAR INJECTION PARAMETERS 
FOR REFERENCE TRkTECTORY OF FOL-G CONDI- 
MONS ONLY, ACTUAL AC-IO cornmom VARIABLE): 
LAUNCli AZIMUTH 1080 
U I N A R m F E R -  63m 
WECTION PARM6LTERs. 
ALTITUDE 111STAT. Jdi 
AUTOMATICALLY UPON 
c o w L m m w  OF SOLAR 
PANEL DEPLOYMENT USING 
SUN SENSORS b CN SETS 
TUDINAL AXIS POINTED 
TOWARD SUN 
m n L   SPACE^-$ LONGI- 
ACQUlSITION BY JOHANNES-' 
BURG DSN GROUND STATION 
(WHEN IN VIEW) WITH ENSU 
ING TRAJECTORY AND 
SPACECRAFT PERFORM- 
ANCE EVALUATIONS 
SWITCH SURVEYOR TRANS- 
MlTTER BACK TO LOW- 
POWER 
/ 





ALTITUDE I L ERECT PLANAR ARRAY ANTENHA T0LA"GPDsITHlN A L T F l W E  MARIWG RADAR 
SWII'CB FROM 0 M " S  
TO DIRECTIONAL AI-GAR? 















INITUTE P, Y RAD= 
mNTROL WEEN "RADAR 
RELIABLE" SIGNAL IS 
U R E T R O  
I G M O N  
RETRO SEPARATION BYPASSES 
VJ3RNEX TARUST MOON 
THROTTLED TU 
&U"AIN W W T A N T  
THFUJST/tuEIGWI RATIO 
SWITCH BACK 
TO o m -  
DIRECITONAL 
ANTENNAS 
